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Abstract 

L-Amino acid biosynthesis using genetically engineered coryneform bacteria with enhanced enolase (eno 
gene) activity is disclosed. L-Amino acids are selected from L-lysine, L-glutamic acid, L-threonine, 
L-isoleucine, and L-serine. The enolase activity can be enhanced by increasing the copy no. of eno gene. A 
plasmid carrying the Escherichia coli eno gene was prepd. and introduced into Brevibacterium 
lactofermentum. The transformants were able to grow well and produce significantly more L-lysine and 
L-glutamic acid compared to that of the parental strain. 
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Abstract 

WO 200102543 A UPAB: 20010323 

NOVELTY - A coryneform bacterium has enhanced enolase activity in its cell 
and can produce an L-amino-acid. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for a 
process for producing an L-amino-acid by culturing the coryneform 



bacterium in a medium to produce and accumulate the L-amino-acid before 
isolation. 

USE - Production of L-amino-acids by improved fermentation of 
coryneform bacterium with a gene encoding enolase, transferred to enhance 
such enolase activity, with elevated productivity of e.g. L-lysine and 
L-glutamic acid for use in feed additives and in raw material for 
seasoning, respectively. 

ADVANTAGE - The fermentation is improved by using a coryneform 
bacterium with enhanced enolase activity to elevate productivity. 
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L-vi;>£mmzt;tz>3V*m®miz&^x, L-wyRVL-z 
v * - > \z x a 7 <{ - k n y $ m m & mm $ ti tz r * A n, v * ± - -e z n - k t 

(M^lysC) , yh YuVV3*)yMl>y>7*-Vigte=?- (dapB) , 

vtnoi; t fii.j>^^>^-^ fe ^ (dapA) % i; 7 ^t^;>if*^ 

b?jH£^ (lysA) . Mv7^ y U >^5 r t Kn^— fcritfc-? 
(ddh) (W096/40934) N lysASt^ddh (8P§¥9-322774€) % lysC, lysA&tf* 
^^xy-^^t^;^^^^.. te'itfc? (ppc) (^^¥10-165180^) , 
^M^lysC, dapB^ dapA, lysAStfT*/^ ¥>^7 5 J h7>77z7- trii 
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* 'J>Srt Yufi— Ifite^ (ddh) (Xttfh7k K o i> £3 D >®*^> 
(dapD) M^^i'-;i'^75 ^ U >^T : y->7— K»fiiP 

(dapE) ) zm&mm5i&mAtzbL-vv>£.mm#fo±tz>zii&to<Dti 

(WO 95/16042) 0 ft* WO 95 / 1 6042 T* fix h 5 t K D U ^ 

tzZttmStftlT^Z (#£¥7-121228^) o #§§Bg61-268185^&$8tw 
tflfi^x.{*DNA^^^Lfe«DBg* s ^^^tiTl>?., ^^(C, #§|Bg63-214189^ 

*&BjJ(is ft*<k 0 & £ £ lc&&£ ti£&if £(C J; -5 L - U v > Xli L - ^ 
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(4) Bugexy 7— t?*u- Ht«ifiwu/x t^jgaeas^-eifes 

(3) on 'MSJfflia o 

(5) HtjiB (i ) ~ (4) <DurtiiHD3y*mmn%%mizi&mi, > m%m® 
<t»c l - t x j & l - t x ;mzm®.tz z t 

L-*VD^>>, L-t'J>fr6Ii^ (5) 
%W£%flEl- 3fcft©g3©}Ktt 

< 1 >$2gBJl©U 'J^SSBS 

*«W©3'J*MBtt, L-TUISJtsn, IBtox^-^jS 
L-^U^--> % L-YVD^i/>, L— (r'J>Wi^H§ 0 

c*i6©+-e«4 % L-yj;>aiFL-^^$>B W * u ,. ttT% *^© 

^^•^T'JtDi/- (Bergey's Manual of Determinative Bacteriology) 
lf§8ffi599H (1974) ££«<!FnTl>*-ff0«£*n?* ^ ^Altt, 
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t. J. Syst. Bacteriol., 41, 255 (1981)) , y ^A^t 1 U >7 kmhftft 



□ 'J*/1*7'J -7 A • 




ATCC13870 


□ U «J "7 A • 


r-fe * *a 


ATCC15806 






ATCC15991 


□ y ^n^T- y >>A • 


7;i/* ^*A 


ATCC 13032 


(7u trn^x y -7 a 




ATCC 14020 


(/Ut/t^T'J £A 




ATCC13869 




• y y -7A) 


ATCC15990 


(ri/t/^^'J -7 A 




ATCC 14067 




/ -7 -fen— 7 


ATCC 17965 


71/ tM^x 'J >7A • 


■y-'VTJO'Jx'f^A 


ATCC14066 


£A • 




ATCC14068 


7l/t;^f 'J >7A • 


D-fcf £A 


ATCC13825 


7l/tn?r'J ">A • 


y* 


ATCC19240 




7>t-77^ 7 A 


ATCC 15354 


□ U^M^x'J >7A • 




AJ12340(FERM BP-1539) 



> (American Type Culture Collection, ffipjr 12301 Parklawn Drive, Rockvil 
le, Maryland 20852, United States of America) <fc *) #gg£§tt 5 C £;#T- £ 

AJ12340tttt» amfWXgtt1l5l££4X¥XJtftffi0f^ (»ffi«305-856 
6 B*@^*»o<am5R-TB lS3f) tr^^ h*ttClt^^-C»l6* 
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d©*ftAX*H*J:LTt4«©«|&*©36»»*. S- (2-7^i^) - 

(WT, r AECj i:BSS-rS) IJttgJIIfc («*tt x 
A - 7* h7r-*>*AAJ11082 (NRRL B-11470) , #&Bg56-1914^§, #&Bg 
56-1915^, #&Bg57-14157^, #&Bg57-14158^, #&Bg57-30474^, #&Bg5 
8-10075^, #£1659-4993^, #&Jg61-35840^, #£1662-24074^, #&8g62 
-36673^, #£¥5-11958^, #£¥7-112437^, #&¥7-112438^#<B) % ^® 

aSCL-^HrU^OT^ytS^tSWai (#£1648-28078^, # 
&Bg56-6499-5f) , AECCBtt^^L, ICL-D>fy>, L-^t'JX L — 
7'D'J> > L-t'J>, L-7;i/^>, L-Z^>, L-KV'>n<DTKS 
&Z%#*Zg.mft. (*@#§*!f§3708395^&tfil3825472^) , DL-a-7; 

*fflSSJ©»££**-L-y*>->£«|M* (#111650-53588^, #111650-310 
93^, #PSI652-102498^, #PSI653-9394^, #^1653-86089^, #MBg55-978 
3^, #^1655-9759*1, #§11656-32995^, #§§1656-39778^, #£1653-43591 

^ #&ng53-i833^) , -r ;isY-)v£tza&m*m&-r2>L-vi;>£.m&m 

& (#§11655-9784^, #§11656-8692*1), 7)l*n tf ^tf fctt34*CW± 
0ffl«K#UTffi£££STL-»Js;:/4MRtt (#§§1655-9783*1, #iiB35 
3-86090*§) , i^b>^Ui7-;Hzi}f$$^L, L-^/>^m7H:M 
^y^ABSfcliDy^M^y^AJBO^MSt* (*@#l*if§4411997*f) „ 

-)A-7th7yK7oA AJ12318 (FERM BP-1172)(*S#r)Fil§5, 188,949*f # 

y-7A • 77MA AJ12149 (FERM BP-759)(*E#I*fj|4 > 656,135*f#BB) 
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<2 >x; 7— fe*r£t$©ig& 

x^x'JtT- uU©enoiie?©iMSiB5!lttg!Et;W?.^{C$ii-CV^ (Klein, 
M. et al., DNA Seq. 6, 315-355 (1996^), Genbank/EMBL/DDBJ accetion No. 
X82400) Of, Z<Di&&&mizm^Xftm[,tz77 4 v- x 0y^«i29J^IH?!I 
§^ 1 &tf2 iC^1-r^-f v-£ffl^T, x*>x 'J t7 • □ U ^fe^DNASi 
MJ:-f5PCR}£ (PCR : polymerase chain reaction; White, T.J. et al ; 
Trends Genet. 5,l85(l989)#Ba) enoMB^ZWmt -5 d titX % -So 

^ftDNAtt, D NAft^f^^ii)!) 1 ^ flUtf, H?$©£& 
(H. Saito and K. Miura Biochem. Biophys. Acta, 72, 619 (1963), ^tjX^ 

mmm. b*4«x^#ib, 97-981, igafits 1 9 9 2^#m) $cjt d 
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qff&&fc©#$?i;L<, pUC19 x P UC18, pBR322, pHSG299, pHSG399, pHS 

G398, RSF10103f#3M:f*>ftSo 

3 , Mssfls©ill§i*I(c^H^TS^i^pI|g^^^^-^:LT(i> pam33o m 

HIS58-67699^^«#ra) , pHM1519 (#l§l!g58-77895^&$8#ra) «tfs|tfcf&ft 
JfA"f xyiij t7 • □ 'JM^ 'J *3Uffl8©Pa;£T-i#«£n»m&ufc 

PAJ655 iyi')t7-:i>JAJ11882(FERM BP-136) 

3y2n**rWA-rW^ASR8201(ATCC39135) 
PAJ1844 iyi')t7-:iyAJ11883(FERM BP-137) 

^r'J-H • r W ;%SR8202( ATCC39 1 36 ) 
PAJ611 i>i'Jt7-:'MJ11884(FERM BP-138) 
PAJ3148 3W^fWA^'J^^ASR8203(ATCC39137) 

paj44o Kni'Vrvmmmimw bp-ho) 

pHC4 l^'jb7-3'jAJ12617(FERM BP-3532) 

±8B©.fc5K:»Sbfc*I*|jUDNA£:J U*3!*ISfc:#A-r-Slctt, C*i£ 

•J K- 1 2£on-C&££ftTuaj;-5fcs S§gililfi*Jg{b*;i/^ ">/»T-fil 
HLTDNA©jgii££ if T££ (Mandel.M.and Higa,A.,J. Mol. Biol., 53, 
159 (1970)) #$>t) s J^frZ • X^'J7CoHT«^htw5 ( t9ft, ig 
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MC»^>tr> h*)l%mmLTDNA%m\TZl3& ( Duncan, 
C.H.,Wilson,G.A.and Young, F.E., Gene, 1, 153 (1977)) &3lWi> ;1 

• XT^U*. $.®S!l®;Ktfll&(CoOT&6tlT^.S <fc-5£\ DNA§ 

^ b©tt!SKLT*I&x.DNA£DNA££gtc3|AT££t£ ( Chang.S.and 
Choen,S.N.,Molec. Gen. Genet., 168, 111 (1979);Bibb,M.J.,Ward,J.M.and H 
opwood,0. A., Nature, 274, 398 (1978);Hinnen,A.,Hicks,J.B.and Fink.G.R. ,Pr 
oc. Natl. Acad. Sci. USA, 75 1929 (1978)) 4>/fofflT-§5o *%W<D%M.m-Z 
%^tzmn&m<Dj5mZ, M%.>VIZ& (#g§¥2 - 2 0 7 7 9 1 ^&IB#BB) 

S«llK:Ji"r5»4ftrOSfefe#:DNA±(Cxy 5— -5 3 
tf-f ^A"f SIHi> »fe<*DNA±C£3£-fc4rSE*J£«W(;:fiJffl LT 
<BHia»*{c«fc t)ff -5o &£&DNA±(i£:J£-#£-r-5ffi?iJ£: LTtiu 

T^S. 8HH¥2 - 1 0 9 9 8 5 #&«£BBij?£ftTH3 <k 5 1:, x 

^-fiD- k-t site?* h ? > > izmmis? znzfc®2it-cm& 
ws^**t>©(zia«i-r5ci:ic«to-c*jifiR$ns (8§8¥ 1 - 2 1 5 2 8 0 

o fci:;ttf, lac7D^- trp7Dt-^-, trc7 
□ tac7Df-^- 7A^77-y0PR7Dt-^- PL7 



WO 01/02543 

PCT/JP00/04343 



= -H-««fi* (W94/25605HB&H/t>7U a rh) % 
0»4a*7*x;-* KJ n:, iH ^^. afif (fcWB60-87788* 
&«) , a'JWwilMojayt I'DS'KaU^^rtllJIlta-K 
r««fi? (&&¥6-55149^&&) «tt6*lT^*. 

i?k|tW ^ (GDHx WH«6 1 - 2 6 8 1 8 5f) , y^*>^> 
f**$>»i,>*-^ ^^x>8 T - t Hn^ ( * M6 
2-1668 9 0*, ^63-2l4189f) , 73 = »Ht|«^- 
* (M6 2-294086*). ^x^^^ ^K>«** M 
(ttH«6 0-8 7 788* m«8 2- 5 5 0 8 99) , **** 

6 9 2*), 40m-*ij>§g-fyx7 — If^tffts. 
Sftfc* B»i:r*L-5'$>'H©4^rt« Bfr6dttl/THL _ T5> , B|tt 

5/23864#«) „ L-^^5>»0^l««Bfr6»ttLTL-^5 
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SS^IStSCfc^JS (W096/06180^#hs) a i©i d &3 'J 
L"C&> W096/06180-t(Cie|g$tlT^i>^Ub:V-?/7xU £A • 7* h 77-^ > 
*AAJ13029#W*>*T,3 o AJ13029fliBU 1994^ 9 E 2 Bttttt? X|g£H5l8£f& 
I?IIftiSf^Tr (SJS#^305-8566 B#®&M!!o < tfrf>m-T i 1 * 3 
^) (w, SftMFERM P-14501 1 U-C*§ES*U 1 9 9 5 ^ 8 E 1 H IZ^V^X 
h&mizm-3<Wffi%mz®<g$ti, SiEMFERM BP-5189#tt-££ftT^3o 

f- > £ M * £ igfft* C X K * * >^fflWIH»H©l^«TTf L - 'J * >& V L 
5>^^|5|^4^^-B-5C:i:tfr-§-g. (W096/06180^#i©) 0 C©«t9 
fcUfcfcLTO:* W096/06180-^(C§Bf6£JlTI^-5 :/U £/\*^r- 'J £ A • 5^ h7 

>*AAJ12993##*tf P>Jl3, ISHfcti 1 9 9 4 *f 6 8 3 Bftiniiftf 
(8£ifri:£ljlttfl5Bfftdr (8«S^305-8566 B*a35J«»o < «m*-TB 1 
#3^) IC, SK3WERM P-14348'C*8£Si'U 1 9 9 5 ¥ 8 E 1 B <C 
h£#J(3g-3 <HP£$lt(C&m£ft> §lt#^FERM BP-5188#tt4£ilT^*. 

&z&£iz*. t *<D&mm&wm&2i\izWflizmtzm&iz&, &£in©ii*j; 

x^ij tit, astztt, »£fc«fct>fc«iert©*©Bji*stt#fcucfcfc*i* 
u ae?»tt^ttffi«cj:*affet3«fc »>*©»*?gtt^ttTufeB*s»fc» 

<3>L-7*y$©£jl 
x; 7— e*£tt#ii&£tu fro, L-7USI4I^.tt53 'J*S8II8 
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U*SfflB*g^lS*U"rfe (1WF5 - 3 7 9 3^&$g) 0 
*8W©«£*J&ffl^TL- 'J *>*>XttL-40l/* * >||OL-7^l!5 
Sffi-rs©tffl^5^ifett, gfgSU JBt«K ^->SU t i 2>^(CJfcl;^©flfe 

mmmtLxte, kkt^-^a, mmr^^-^h, v&itTs^-v 

J&-f3©#J:<s *gH^l£ti:3 0°C~4 5°C(Z. lg*tt>pHtt5~9(C»Jffll-r-&o 
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»ffi*©ffi©&tt©#»£»*£to«acfcc<fc&fS;8STS3. L-^;i/ 
c ti *> © 7 ^ y a sffi s \z%n. t s z t i*?f m t- $> z . 

<l>iyi | Jk70 'JJM109&©enoiI£^®£ D _->/f 
lyi'JtT- n l)©enoafc?©£SE?m«(3l!§&*tc£ftTl>3 (Klein, 
M. et al., DNA Seq. 6, 315-355 (199630, Genbank/EMBL/DDBJ accetion No. 

X82400) o &&2nT^z&mmizm^TmmM&mm^iRV2iZ7jit7' 
Rai;«t!3t;n;>Sft Hoy*-- eae^ sigtsufc. 

^l£77>fT-©^ iE5»JMlHU Genbank/EMBL/DDBJ accetion No. X 
82400tZta«$nTl>aenoJte^OJgSH5"J© 1 §ifr*>2 4SS©Jg*l:SS 
iB^'JtCffl^ Us E3IS^2U\ 2 0 8 9#gfrf, 2 0 6 6SB©Jg£KM5ffi*J 

iyxijt7 • VJM109fc©Sfefe#DNA©SS!{l±*a£J:ofc (MX^H 
US, B *^tJX^^|| x 9 7-981, Jg&flk 1992^) „ £ fc, PCR 
PCRiMUKIft (HSMBftfrJI* &££i}JiS*±, 1 9 8 930 185M 

uujMio9ou>t7 L > v-t)i> c&mmum) zm^xBn&&*fii.\ tu^u 

7i-3-il3 0 yt/g/ml£Stf LiStfe h h U 7* h >10g/U M Y 4 — X h 
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x.*Xb??h Sg/U NaCl 5g/U m^lSg/U pH7.2) izm^L, 

KpHC4 eno$flt 0 
pHC4«nxyi'jt7 - aUtt, 7*7^-h:>->M_AJ12617fcffr 
1991fp4fl24Bl:> aaM«x^ttfBie4#x^X36tt«Bf^ 
Br (SH!£^305-8566 B*B^«»o<«$l-TI lt3f ) CSSES^FE 
RM P-122 15i:U-C*fE3*u 19 9 1^8^2 681:, 7^^^ 
ttlw3£<HR3FftU£e3*u SltS^FERM BP-3 5 3 2m*nt 

LTl^Ch£Si!2-r3£#K JM10 9UM, pHC4eno^ 
tSJMl 0 9tt©:cy-7--t?Stt£Bucher, T., Meth. Enzymol. 1, 427-435 
<1955)£13tt©>&fc£J;>)«|£Lfc. *©*££, pHC4enoS«fttiJM 
1 0 9m*. PHC4 enofc«8L*HJMl 0 9**©&1 SfiOi;?- If 

<2>3UiiioL-W5>84i^©pHC4eno0^AJ:L- 

5 

-207791*&*#JB) CfcDr?;** KpHC4eno-e^JMB*U, f«&ti&**JME* 
tt*l»fc. »e>nfc^R<EJftmJ13029/pHC4enoSffl^TL-^;u^ 5 >fiM© 
fc»©^*SWT©«fc-5JZfr^)fe. 5//g/ml©*D7A7x-D-;i,££trCM2 
B 7* U - h Jgtfe £ T EH L T f§ fc AJ 13029/pHC4eno& © g ft $ N 5 g/ml © * □ y 

^7*-?-n>£<£ts-fmmzntzL-?)i* i >®£.m%mz&mi. 31. 

§t#l£, Et*Btf©JgJ|fe£5%ja&gU 37-ClCT^«k^©HAs^^$n-5^T- 
Sto^^tfcc n> ho-;^LTD'M/^^'J'>A^i38AJ13029^l3, g£ 

mm ^ti^3'j^/^t^ a« mar- g ww to* z k k p h c 
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Tm&Lft (1L*) SMI, K0H-?:pH8.0(;^^L, mVT:15ft®MtZo 



f-f 11 — » -V 


150g 




KH 2 PO« 


2g 




MgSO. • 7H»0 


1.5g 




FeSO. • 7HjO 


15mg 




MnS04 • 4H«0 


15mg 






50ml 






2mg 






3mg 











mi 



m & l- 


40V* ^>&£$M(g/L) 


AJ13029/pHC4 


2 0.9 


AJ13029/pHC4eno 


2 3.4 



^i/ tr/\*?7- y £A • h 77-^ AAJii082^mm^;i'^ffi (EfH¥2 

-207791^^$g#BS) iaD777^ KpHC4eno-?Bft&&U f# *>ftfcffmfc& 
tt^ifc. ^6ft£^K$G&1*AJll082/pHC4eno£ffl^TL- D 
tg#£WT©cfcoKfTofco 5>ag/mlC7)^D7A7x-D-;i/S^tf CM 2 B71/ 
- h£%{CTig|£LTf#JtAjn082/pHC4enotfc©Bft£ N 5>ug/nil©* D7 x 
-3-;i/££irTI2*lfiE®L- 'J v>£gi£ifc(Z&gU 31.5'C(ZT#ifefp©«g 
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SAJ11082&K, m£%Lm£tiT^Z>n ij*;^?!) tf AJggHST gf#MRjig& 

• 7* h77-> >*AAJ11082&, 1981^1^31 Blljft^ 
SH^EB^^iRft^ (Agricultural Research Culture Collection, 7^ 
B y;-ffl6 1 6 0 4 t^UT y-ai-M-S/^-fiD 1 8 1 5(1815 
N. University Street, Peoria, Illinois 61604 U.S.A. )) tBPg^§££ft % § 
§E#^NRRL B-11470#tt-5-£*lT^3„ 
CL-'J 

#«*>l^$Attfl®TEfifca (1L*) SjgfllU KQHT?pH8.0K81I!U 11 
5-CT- 15#&g L fcSL S'J tc L ;u »> ^ A £ 50 g An *. -5 . 



dOm-* ioo g 

(NH«) 2SO4 55 g 

KH:PO< 1 g 

MgSO< • 7H*0 1 g 

500 u% 

?Tl> 2000 #g 

FeSOc 7 HaO 0.01 g 

MnSO* • 7H 2 0 0.01 g 

-ZJ3->7* h* 5 mg 

MeSiDTk^tl (Hig) 30 ml 
K8*J^->A 50 g 
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£2 




L-'Jy>M(6/L) 


AJ11082/pHC4 


2 9.5 


AJ11082/pHC4eno 


3 2.4 



m%'4tco m<bhtz BM tEMftAJ 1 2993/pHC4eno ^ffl^TL-Uv>SlfL-^;b 
»£^trCM2 B7*V- Hg*lCT«*LT^feAJ12993/pHC4enott©a#Sx 5 

w/iio^D7A7i-3-^stttiiBL-y ^>4^ife(ziiSLT3i.5 o c 

&m«!&l3i7 J 7ZZ K pHC4£ SIC «fc »> JBgC&Lfcgft&±Ei:0tt 

aRvW^^^fT'^^-f 1f-AS-2 1 0iC«fc tJffl^Lfco C©h£©£*g£ 
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«t o 




m & l- 


'J^>£fi£#(g/L) 


L-y;i/*S>»£fi&«(«/l) 


AJ12993/pHC4 


10.2 


19.1 


AJ12993/pHC4eno 


12.4 


2 1.5 



^ & m± z -a- * c t # t » s o 
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2. ^EL-T^Ki*, L - U L-^**>8* L-7>l/*=.>, 

L - f V o W >> >^ L - -b U > e> 3Ii£*i* m#IS 1 m®<D n U *M ffl®. 

4 . jtyfBxy 7— Ht5a£?A!x>>iij 1 7 Jiangs* fife all* 
5. ^^Jll~40^^r^^* i -JI(cSBm©^>;^^SBaS:^gitblc^^f«L, gig 
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Sequence Listing 
<110> Ajinomoto Co., Inc. (Bfc©f{tft5££*t) 

<120> L-Ti;®<Dmm& 

<130> B639MS0P1022 

<150> JP 11-189515 
<151> 1999-07-02 

<160> 2 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
amplifying Esherichia coli eno gene 

<400> 1 

aactagtgac ttgaggaaaa ccta 24 



<210> 2 
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<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :primer for 
amplifying Esherichia coli eno gene 



<400> 2 

ttccaagtgc aaattgccgt atta 
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